Under certain conditions of culture, small amounts of endotoxin are selectively toxic for mammalian monocytes and macrophages (8, 12) . In initial studies with explants of spleen, the addition of increasing amounts of endotoxin to the culture medium progressively decreased the extent of macrophage migration and enhanced the severity of morphological damage (12) . Consequently, short-term cultures could be used to compare the biological activity of different lots of endotoxin (10) . Splenic macrophages from different rabbits varied in their response to the same dose of endotoxin, but when two or more preparations were tested in the same experiment their relative toxicity was similar in tests performed at different times. A single lot of endotoxin from Escherichia coli 0127:B8 (Difco) was used as a standard in this laboratory for a period of 6 years. During that time, the in vitro method provided a useful tool for quantitating the action of endotoxin on reticuloendothelial cells both in vitro (8) and in vivo (9, 10) . These experiences prompted further studies to explore the macrophage inhibition test as a general assay method, and to compare the results with those obtained by other techniques.
The complex physiological and pharmacological events occurring after the administration of endotoxin have resulted in the development of a variety of assay methods. Some of them have been discussed by Baker and Wilson (1) , who proposed a bioassay based on a hypoferremic response in mice. Although tests for pyrogenicity are commonly employed to detect small amounts of endotoxin, there are disadvantages regarding specificity and quantitation (4) . Another method used by a number of investigators is the chick embryo assay first proposed by Smith and Thomas (16) and modified by Finkelstein (5) . In the present study, a number of endotoxins obtained commercially were compared with a standard endotoxin in tissue culture and in chick embryo assays. Macrophage inhibition tests were also used to compare the biological activity of a highly purified endotoxin from Salmonella enteritidis with fractions prepared from the endotoxin by acid hydrolysis. The purified S. enteritidis endotoxin was a deproteinized, delipified lot prepared by Ribi and his associates by methods similar to those previously described (14) . The hydrolyzed fractions had been assayed for pyrogenicity and tumor damage, and showed a progressive loss of activity with continued hydrolysis (M. Landy, personal communication). The decline in biological activity on hydrolysis was similar to that recorded in studies by Ribi et al. (15) on other purified fractions from the same organism.
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Glassware. All glassware was treated initially and at necessary intervals by heating in an oven for 2 hr at 180 C. Freshly glass-distilled water was used for final rinsing of glassware and for the preparation of Tyrode's solution.
Endotoxins. Lipopolysaccharides prepared from E. coli 0127:B8 and S. typhosa 0901 by the modified Boivin (18) and Westphal (19) methods were purchased from Difco. Control numbers identifying each preparation are listed in Table 2 . Values for mouse lethality of two preparations were supplied through the kindness of Walter S. Fisher of Difco Laboratories, Detroit, Mich. The LD5O was 0.5 mg for lot 114640, and 0.8 mg for lot 466208. Stock suspensions containing 0.1% of endotoxin in pyrogen-free 0.9% NaCl solution (Baxter Laboratories, Inc., Morton Grove, Ill.) were heated at 80 to 85 C for 1 hr. They were tested for sterility and stored at 4 C. Fresh dilutions in Tyrode's solution were made from stock suspensions for each experiment. The highly purified endotoxin from S. enteritidis (lot Se 230A) and hydrolyzed fractions of the endotoxin were prepared by Ribi and his associates, who also performed the chemical analyses. The purified endotoxin was made by use of phenol-water treatment of ether-water extracts (14) , and contained 0.4% of N, 1.5 to 2.0% of fatty acids and fatty acid esters, and approximately 78% of polysaccharides. Hydrolyzed fractions included samples obtained after 5, 15, 30, 45, 90, and 360 min of hydrolysis of the purified endotoxin in boiling 1 N acetic acid. Solutions containing 0.1% of endotoxin, or the hydrolyzed samples in 0.9% NaCl solution, were stored at -4 C and were used to prepare fresh dilutions in Tyrode's solution for each experiment.
Animals. Healthy, adult, male rabbits were used as a source of tissue and of blood used in the preparation of the medium. Food was withheld for 24 hr prior to bleeding. Embryonated, white leghorn eggs after 10 days of incubation were obtained from the Truslow flock (Truslow Farms, Chestertown, Md.). They were incubated again for approximately 24 hr in a rapidcirculation type of incubator without controlled humidity.
Tissue culture methods. Fresh medium was prepared for each experiment. Rabbits were etherized and bled from the heart. Approximately 1 unit of purified heparin per ml (Connaught Laboratories, Toronto, Canada) was added to a portion of the blood, and the rest was gently defibrinated. Blood was centrifuged at 1,000 X g and 5 C for 30 min. Plasma and serum were removed, and the plasma was centrifuged again for 30 min and carefully withdrawn. Serum was used to extract 8-day chick embryos in the proportion of one embryo to 5 ml of serum. After 15 min at room temperature, the extract was centrifuged twice for periods of 40 min each at 1,000 X g, and the supernatant fluid was carefully drawn off after each centrifugation.
Soon after blood was drawn, the spleen was removed from the rabbit and was fragmented with fine scissors. Explants were placed in Tyrode's solution, and those approximately 1.5 to 1.8 mm in diameter were matched for size and placed in four or five groups of 12 fragments each. All explants used in a single experiment were obtained from the spleen of one animal. Dihydrostreptomycin (2% solution) was added to the serum extract to give a final concentration of 100 units per ml of medium. Tyrode's solution or Tyrode's solution containing endotoxin was added to portions of the serum extract to constitute onetwentieth of the final volume of medium. Cultures were placed in specially constructed 5-cm Carrel flasks (Kontes Glass Co., Vineland, N.J.). Each culture consisted of four explants, 0.5 ml of plasma, and 1.0 ml of serum extract. Cultures were prepared in sequence from each group of explants and completed as rapidly as possible. Flasks were sealed with rubber stoppers and incubated at 37 C for 8 days in a rapidcirculation type of incubator. The extent of macrophage migration was measured at approximately 96 hr of incubation with an ocular micrometer at 60 X magnification. The average radius of the migration zone was determined for each explant. The average value was obtained for each group ofcultures, and the variation within each group was expressed as the standard error of the mean. Statistical analysis of the data and probability values were determined as previously described (12) . The degree of toxicity was estimated by comparing the extent of macrophage migration in test cultures with that in control cultures. Results were expressed as a cytotoxic index, the formula for which is presented in Table 1 . A value less than 0.90 usually indicated toxicity. At 8 or 10 days of incubation, cultures were examined for the growth of fibroblasts (12) . Experiments with the purified S. enteritidis endotoxin and its hydrolyzed fractions are summarized in Table 3 . Except for the 5-min fraction, acid hydrolysis caused a progressive loss of As in previous studies, the migration of polymorphonuclear leukocytes was irregular and the growth of fibroblasts was not affected in cultures containing endotoxin (8, 12) .
DISCUSSION
Comparative tests with macrophage inhibition and chick embryo assays indicated that the two methods measured different biological activities. The relative toxicity of two preparations for macrophages in vitro also differed from their known toxicity for mice. Although other assays were not employed in this study, two of the E. coli endotoxins used and a purified endotoxin from S. enteritidis (Ribi) have been assayed for pyrogenic potency by Wolff, MulholLand, and Ward (20) . In the present study, the two lots from E. coli (controls 450390 and 456670) were rather similar in macrophage and chick embryo assays; however, Wolff et al. (20) found lot 450390 much more potent than lot 456670 in pyrogenicity tests, but less lethal for rabbits. Their observation that endotoxins from S. enteritidis and S. typhosa 0901 were more pyrogenic than those from E. coli was in agreement with the results of in vitro assays with similar preparations. Although wide differences in activity may be detected by a number of methods, when comparative tests are made with several preparations there is usually scant agreement in the order of potency, although exceptions have been noted. Berry and Smythe (3) found a constant ratio between values obtained with the nitrogen excretion assay and lethality for mice. Larson et al. (13) observed an excellent correlation between their rabbit skin assay method and mouse lethality. 
